
Feasibility  and  Error  Sources  for  Ocean  Surface  Salinity  Measurements  from  Space 

Simon H. Yueh, William J. Wilson,  Eni G. Njouk, Fuk K. Li, and Stephan Howden" 

Jet Propulsion Laboratory,  California  Institute of Technology, 4800 Oak Grove Drive, 
Pasadena, CA 9 1 109 

"Goddard Space  Flight  Center,  National  Aeronautics  and Space Administration, 
Greenbelt, MD 2077 1 

Sea surface salinity (SSS) is a key parameter for studying ocean circulations  and global 
hydrologic budgets. Recent studies have shown that assimilating SSS combined with other 
parameters has a positive impact on coupled forecasts. In addition,  the ocean rainfall is reflected 
in the SSS variability, enabling estimates of ocean rainfall from SSS to  balance  surface 
freshwater  flux in the  climate prediction models. The ocean surface salinity has been viewed as a 
missing element in satellite ocean observations. 

The principles of satellite SSS remote sensing  are based on  the sensitivity of sea  surface 
brightness temperatures (Tb)  to SSS. The  sea  surface Tb is  a function of the water dielectric 
constant and surface temperature (SST).  The water dielectric  constant,  influencing  the emissivity 
of sea surfaces,  is  a  function of salinity, temperature, and radio  frequencies.  The 1.4 GHz (L- 
band) frequency band set  aside  for  radio astronomy use is  considered to be  adequate  for SSS 
remote sensing. However, the L-band sea  surface Tb is influenced by  many other geophysical 
parameters, such as  sea  surface roughness, sea surface  temperature,  ionospheric Faraday rotation, 
solar radiation, and atmospheric gases. This paper will describe the effects of these parameters 
and potential techniques  for  corrections.  We  also  describe  space mission concepts  for  global SSS 
measurements. 

To investigate the feasibility of SSS remote sensing with an accuracy of 0.2-0.3 psu required for 
weekly global mapping of open oceans, the aircraft  Passive Active L/S (PALS) microwave 
instrument has been developed by the  Jet Propulsion Laboratory (JPL).  This instrument is  a  dual- 
frequency, dual-polarized combined radiometer and radar. This instrument has been flown on the 
NCAR C-130 with three  flights off US east  coast  across the Gulf Stream  and National Data Buoy 
Center (NDBC) buoys on July 17-19, 1999. The in-situ sea  surface salinity was provided by the 
Cape Hatteras research vessel from Duke University. The  PALS  dataset has been analyzed to 
quantify the influence of surface roughness. The  data  indicate that the  excess brightness 
temperatures due to sea  surface roughness can be as high as 1 to  2 Kelvins, which will yield 
about 2-3 psu SSS errors if uncorrected.  The PALS data suggest a  linear  relationship  between  the 
excess brightness temperatures and the radar measurements for  the range of wind speed 
encountered wind (c7 d s ) .  A  linear  relationship is consistent with the  Bragg  scattering theory 
for  sea  surfaces, which predicts a  linear  dependence of the  excess  brightness  temperatures  and 
radar backscatter on the  surface wave spectra.  The proportional coefficients,  estimated  from  the 
PALS data, vary with the polarization and frequency.  We remove the  excess brightness 
temperatures from  the  PALS radiometer data with this linear model. The  standard  deviation  of 
the residual errors is  estimated to be less than 0.2 Kelvin. By comparison with the Cape Hatteras 
SSS data,  the SSS retrieval error  approaches the accuracy required for open ocean conditions. 
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SSS MISSION FEASIBILITY 

SST, Wind 1 tF' Vapor, Clouds 

Satellite Microwave 
Radiometer and Radar 

Sim 
Rad 
and 

I Simulator 

ulated Noisy 
'iometer T, 

Radar oo U 
I SSS Retrieval F 
I I 

7 L, c ;  

Retrieved SSS 

Sea  surface salinity mission  simulated with realistic ocean 
fields for a conical  scanning microwave radiometer and 
radar 
The difference between the input and retrieved SSS fields 
depends on the instrument  calibration errors, instrument 
sensitivity, and geophysical  modeling uncertainty 
Predicted accuracy of 0.2-0.3 psu weekly and 0.1-0.2 psu 
monthly meets the post 2002 EX-4 sss mission 
requirements for 0.2 K radiometer and 0.2 dB radar 
calibration stability. 
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JPL PALS/GULF  STREAM  OCEAN  SURFACE 
SALINITY FLIGHTS IN 1999 

PALS ANTENNA ASSEMBLYON C-130 
PALSfSHIP Data -Gulf  S t r e a m  Cross ing ,  J u l y  1 7 .  1999 
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In collaboration  with GSFC, three successful  PALS 
radiometer  and radar flights across the Gulf Stream 
performed in July 17-19, 1999 
- 3 Kelvin L-band brightness  temperature  change  consistent with 

- Surface  roughness  change  detected  by radar 
5 psu  salinity  change  measured by Cape  Hatteras 

Ready for ocean field campaign in 2000 



PALS/GULF  STREAM  OCEAN SURFACE 
SALINITY  FLIGHT ON 18 JULY 1999 

P - 
9 c 

PALSlSHlP  Data -Gulf Stream Crossing. July 18, i999 
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Flight on July 18 observed  repeatable SSS signal in L- 

The  surface  appeared to be  more uniform than  that on July 
band Tb data  across the Gulf Stream 

17. Radiometer,  radar,  and ship data do not show a large 
change of surface  roughness. 



JPL PALS FLIGHTS  NEAR  GULF  STREAM 
ON 17 JULY 1999 

PALSDala-071711201999 
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The change of surface roughness is noticeable in the  radiometer 
and  radar data between 74.7W-74.8W longitude - about 1 Kelvin in 
L-band Tv and 2 Kelvin in L-band Th. 
The excess brightness  temperatures  due to the  surface  roughness 
are  successfully  removed by using the  radar  data with an  empirical 
linear  correction (ATb=A ohh). A=300 for Tv and 600 for Th. The 
values of A agree with the  theoretical  expectations  that h- 
polarization is more  sensitive to the  surface roughness than v- 
polarization.  The  corrected  brightness  temperatures (Tv' and Th') 
vary  around  their  mean  values by a  standard  deviation of about 0.2 
K. 



JPL PALS FLIGHT ADJACENT  TO THE OLEANDER 
TRACK ON 18 J U L Y  1999 

PALS Data - 071 80952 1999 
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L-band Tv data from the flight adjacent to the  Oleander  track show 
a drift of about 0.5-0.6 Kelvin from the  beginning  to  the  end of the 
flight line  (west to east). This change  appears to correspond to the 
SSS change of about 0.8 psu. Note  that 0.8 psu x 0.6 Wpsu=O.48 
Kelvin. 
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